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Responses of Exercising Subjects to Acute “Passive** 
Cigarette Smoke Exposure 
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Responses 10 2 hr of *>mive~ cigarette tmobe eipoMirc have been levied ifi 21 heahhy 
young men end women who wtrt performing micrmiucni bicycle erf ometer wort u»rT**ent 
lo mcreave respiratory minute volumei bye factor of 2.5 A simple crossover dtvpn com¬ 
pared dan with reaction* to sham eapowrei of similar duration Cif ire tin were smoked by 
a standard machine chamber carbon monoikle concentrations were 201moderate dosei or 
51 ppm (heavy exposuret. Symptoms were much a* in moderate exposures without exercise. 

The mam complaint* were of odor and eye rotation. Cough. nasal discharge or atarTmess^ 
nnd ihroat rotation were also reported! but wheeling, shortneis of breath, and tightness in 
the chest were both uncommon and unsupportedIhy objective evidence of bronchospavm, A 
small increase of tidal volume and respiratory minute volume seemed due to aniifiy rather 
than airway rotation. Static lung volumes were unchanged, but there were small 
decreases of FVC. FEV lt r f«^ w*. and ^ fr ». The changes of dynamic hmp volumes 
were of the order anticipated Aom the “cigarette eou»**knt“ encountered b> the passivr 
smoker tcSa cigarette in 2 hrf 

INTRODUCTION 

Appreciable atmospheric concentrations of paniculate matter, irritant gases, 
and vapors can develop due to the accumulation of tobacco smoke in poorly 
ventilated buildings (for references, see Sebbem et at.. 1977; Pimm et at.. 1976; 
Shephard et at.. 1976a). The “passive" exposures to cigarette smoke are subject 
lively unpleasant for most nonsmokers plus some continuing and former smokers 
(Johansson and Rouge, 1963; Anderson and Dalhamn, 1973; Ueber-Tschopp et 
at.. 1976; Shephard and LaBatre, 1978), leading to irritation of the eyes and nose 
(Shephard tro/.. 1976b,c) and instability of the tear film (Bast ietat.. 1978)i Some 
authors have also described cardiac and respiratory symptoms (Aronow, 1976; 
Surgeon General, 1972; Pimm et at.. 1977, 1978), an increased incidence of respi¬ 
ratory infections in the children of smoking parents (NormantTaylor and Dtckin- 
son, 1972; Cameron and Robertson, 1973; Colley, 1974; Harlapand Davies, 1974), 
and an increased risk of lung cancer (British Medical Journal, 1978). However, 
other investigators have stressed that the increase of ambient CO concentration in 
a room contaminated by cigarette smoke is quite small (Fischer et at.. 1978), 
particularly if allowance is made for the effect of interfering vapors such as 
ethanol (First and Hinds, 1976) upon the usual CO-measuring instrument (the 
"Ecolyser”). Further, one recent study has failed to confirm the supposed effect 
of parental smoking upon the respira tory health of children (Schilling et at.. 1977). 

Experimental exposures to moderate concentrations of cigarette smoke have 
demonstrated only small changes of pulmonary function; in some instances statis¬ 
tically significant, but of doubtful biological importance (Pimm et aL. 1978)* Since 
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changes of respiratory mechanics are an early acuie response to smoking in 
—-=-both smokers and nonsmokers (K«dt? and Cororoe. 1961; Clarke cm!.. 1970* !).» 
Silva and Hamosh, 1973. Hamosh and Da Silva, lV77j, it was decided to examine 
the pulmonary reactions of the •“passive** smoker under more adverse condition v 
than those previously evaiiMledi The respiratory minute volume during exposure 
was increased by intermitirni moderate exercise, and in a final series of expert 
menu the number of cigarettes burnt in the experimental chamber was aIm» im 
creased. 

METHODS 

Subject* ant! experimental plan. The subjects were 23 heahhy young adi»V 
volunteers, drawm from the University of Toronto Community. Physical ctur.w. 
leristics arc summarized in Table 1. Alt were life-16ng nonsmokers tciparniii* 
consumption nil for the past year, no history of smoking > one cigarette per day» 
None had any history of allergic disease* 

A preliminary visit to the laboratory permitted clinical examination an/ 
familiarization of the subjects with the required test procedures. At compatubit 
times on 2 subsequent days, subjects spent 2 hr in an exposure chamber, altermo 
ing 15*min periods of exercise sufficient to increase respiratory minute volume h. 
a factor of 2.5 with sitting at rest. The chamber was filled with either ambicni a; 
(sham exposure) or cigarette smoke (experimental exposure), concentration 
being as in previous experiments (Pimm et at.. 1978) for the first 13 subject* an 
augmented by some 50* for the second group of 10 volunteers. 

The protocol followed for the 2 exposure days is summarized in Table 2- 
Exposure conditions. Details of the exposure chamber are given in a prcvion 
report (Pimm r/ c/.. 197E). In brief, a standard cigarette smoking machine <vv v 
der and Hofmann, 1967) was operated in a sparsely furnished 14.6 m^chamhei 
popular brand of 85-mm filler-type cigarette (tar and nicotine content IV and 
mg. respectively) was smoked by brisk (2-see) controlled 35-ml draws to a b. 
length of 23 mm. For the first 13 subjects, four cigarettes were burm instsai 
followed by a further cigarette at half-hour intervals. For the second ID subicv 
the initial combustion was increased to six cigarettes, again followed by the bn 
ing of one further cigarette at half-hour intervals. 

The first pattern of combustion yielded a carbon monoxide concemratio* 
20.0 r; 1.6 ppm for the men and 20.1 ^ 2.4 ppm for the women, with panicu. 
levels declining slowly from 4 to 2 mg'in’. With the six cigarettes, air contiinv: 
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table 2 

RttOttKfU MM MirfHAMlrl LvKAlftl lll All Ol CK*MtT11 SMOil 

ftt Clumber ie\iv U«( »utun*> b> Sebum tfuufwn trc&iraJ VC. RV. FRC. t.RV. 1LC# 

Ctrboivbemoflobtn S% tcchntuuf 

i JlNinf veMiUmon Til 

Flo*.volume wrw iFVC. F£V„*. VS’«..«v.J 
Reumf ekctrucar4*o(rifn 

Clomhcr KM* Pedal Kcyt'k etfumeitr »i iuod to merra* f, l« 2.5 time* rr^rm*. lt\*l 11- 

mini 7IKIW mm. 101 - IU» mm 
Flo* volume i'urvfv ut 0. 5. 10. >0. SO. VO. I2t) min 
Rcviinf ventilation »t 90.40. SO. V0. 100. 120 mm 
Etercite ventilation at M. M. IM min 
Elf ctfocard«ipram rvery 10 mm. 20- 120 min 

piHKtpovurc iCki* Lunf volume* by Sebum dilution 
Carbok > he mufJobin 
Symptom qurMionnatre 


lion was some 505 greater. CO levels averaging 31.1 ± 4.3 ppm for the men, and 
31.4 r. 4.0 ppm for the women: 

iro/iwirs. Functional residual capacity (FRC)* expiratory reserve (ERV). 
residual volume (RV). and total lung capacity (TLC) were measured by means of 
the 7-min helium rebreathing technique (Collins respiromeier/caiharometer sys¬ 
tem). 

Respiratory' minute volume (V t ). breathing frequency (/*), and maximum ex¬ 
piratory flow-volume curves were obtained using a heated Fleisch (No. 3) 
pneumotachograph and integrator, volume and flow signals being displayed on a 
Tecironix storage oscilloscope. At each test period, the subject was seated, and 
performed three forced vital capacity (FVO maneuvers, the curve with the largest 
FVC being used for analysis. In addition to FVC, measurements were taken of 
I*sec forced expiratory volume (FE V l t ) and the maximum flow at 255 (Iau iia) 
and 505 (V M , ***) of the vital capacity. 

Exercise. Subjects performed standard intermittent exercise on a Von Dobeln 
bicycle ergometer. In order to avoid any complication from exercise-induced 
bronchospasm. the 15-min periods of exercise were displaced as far as possible 
from respiratory function measurements. Work loads were set to yield approxi¬ 
mately a 2.5-fold increase of respiratory minute volume. Taking account afco of 
the intervening 15-min rest periods, the average respiratory minute volume over 
the experiment was approximately 1.75 times the normal resting level. Hein rates 
during exposure were recorded by electrocardiogram (CM* lead. Shephard. 1977). 

Symptoms. At the end of each exposure, subjects were asked to respond in a 
yes-no fashion to the presence of several potential symptoms (Table Sh In the 
event that a symptom was reported, they were then asked to rate its severity 
(trace, minimal, moderate, severe, or very severe). 

Statistical analysis All data were expressed as percentages of the preexposure 
reading for the corresponding day. Differences between test and control days 
were assessed I using standard t tests. 


Source: https://www.industrydocuments.ucsf.edu/docs/gsnxOOOO 
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i RESULTS 

Symptom* 

At both levels of exposure, the main complaints were of odor and eye irritation 
(Tabic 3): Even at the highest dose, only one subject (D.K.I complained of 
wheezing and tightness in the chest: he did not show any unusual impairment of 
flow/volume curves, although at the end of the 2-hr exposure (120. 114 min) his 
resting and exercise l\ were 1437 and 154/.'. respectively, of the corresponding 
control values. 

Awarding points of 0 to 5 according to the severity of the symptoms reported. 12 
subjects (I subject failed to report the symptoms encountered); accumulated a 
total of 12? points M0.3points/subject I at the lower level of exposure, while the 10 
subjects exposed to the higher smoke concentration had a marginally greater score 
of 138 points (13.8 points/subjeci). 

CnrJiompiuitory Performance 

The respiratory minute volume of most subjects was quite high before they 
entered the exposure chamber (Table 4). Nevertheless, values were further in- 
creased by the cigarette smoke but not by the sham exposure. In the 4 •+ 3 
cigarette experiments, the increase of ventilation relative to sham averaged V.67 
during exercise (NS), and was 21.47 during the intervening rest periods I/' > 
0:025). Ih calculating the significance of these trends, data for each individual have 
been avenged over time, and the difference between these averaged responses for 
experimental and sham exposures has been calculated by standard two>uiJfcd i 
statistics. Ih the 6 - 3 cigarette experiments, the effect was no greater (11.17 
during exercise. NS: 12.57 during recovery. NS). 

Any increase of respiratory minute volume was almost entirely attributable to 
an increase of tidal volume. The initial: preexposure respiratory rate was greater 
than normal. Comparing sham and experimental exposures, cigarette smoke was 
associated with an insignificant decrease of/* during exercise (-1.8 and -6.47 at 
the two exposure levels), while during the recovery intervals there was an insig¬ 
nificant increase (3:4 and 3.77 at the two levels). 

The Kean rate was higher before the experimental than before the sham expo¬ 
sures (Table 5; for women in 4 <4- 3 cigarette experiment,/’ <0.01. for men in 61 - 3 
cigarette experiment P < 0.025). However, while actually exposed to the cigarette 
smoke both the increment of hean rate and the absolute heart rate were less than 
in the conesponding sham exposure. 

Stark Lung Volumes 

In both the 4 * 3 and the 4 + 3 cigarette experiments (Table 6t. the preexposure 
static lung volumes did not differ between sham and experimental days. There was 
a slight suggestion that cigarette smoke led to a decrease of expiratory reserve 
volume and functional residual capacity as indicated by helium mixing, but this 
trend was statistically insignificant. 

Dynamic Lang Volumes 

The preexposure dynamic lung volumes (Table 7) did not differ between sham 
and experimental days. In the 4 - 3 cigarette experiments, all results obtained 
during exposure were somewhat depressed on experimental days relative to shim 


Source: https://www.industrydocuments.ucsf.edu/docs/gsnx0000 
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TABLE 4 

Ri iriMilniN Mkhi VoiLfiti ll\l AKD Bit Al*ti%C>RioutMn (f»r 

Exposure per«*Jv 

VjroMc PieopoMire period Bnt f (%) Eierer*’ iM 

4 # 3 Cigarctic ei pen mem In ■ III* 
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/. 
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20.5 z : SJ breaths ■ wb**| 
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9VJ|! 
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* Mr»n s SD of duth for Ui prenpctuTC period m stum expevurt $ (absolute i«lwr*. I * 
BTPS and bte«itit min' 'i. <bi preexposutr in cxpenmemal exposure E (retcrmare of %tum rtmv 
wit penodi. and ic) sham and experimental exposures (percentage of corresponding piccvp*- 
period!. 

*• Bntin( d»i- for JO. 40 .60.90. 100.120 mm of exposure averaged. Exercise dau lor 54.64 \U 
©(exposure averaged. Individual datt with SD available on request. 

* Complete data not available fot remaining subjects. 

* Increase over sham exposure F < 0.025. 


davs. with b 5.65rdecrease of FVG (0.2 > P > 0.1); a 3.3£ decrease of FEY* 
< 0.05). ft 4.25 decrease of f'„* m» (0.1 > P> 0.051. and a 4.RCJ decrease of V 
25W (0.2 >P> 0.1). There was little evidence of adaptation to the cigarette an 
over the 2*hi exposure—indeed, the final results showed a slightly greater I; 
tional loss than those observed in the first few minutes of the experiment. 

In the 6 + 3 cigarette experiments, the FVC again lepded to be depre 
(average change 3.2S, NS), as was the V.,, »w (average change S O'#, 1 
Changes in the and FEV,, were variable and sutistically insipnific 

DISCUSSION 

Severity of Dos age 

The levels of passive cipareuc smoke exposure selected for this investig: 
were not the highest reported values for contaminated rooms and vehicles: * 
authors have encountered CO concentrations of 60*156 ppm (\kahL 1 
Harmsen and Effenberper, 1957; Srch. 1967: Hoepp, 1972; Harke. 1‘ 
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TABLES 

Hi a*™ Ram Dm a * 
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Nevertheless, they seem realistic in the context of air quality criteria, representing 
the greatest likely hazard that would be encounteredl by a person undertaking 
moderate physical work in a smoke-contaminated andi poorly ventilated room 
such as a tavern fStbben a at.. 1977). 

Symptoms Reported 

Complaints arise in aircraft, trains, and buses when cigarette-induced incre¬ 
ments of carbon monoxide concentration reach about a fifth of the values used in 
the present experiments (Sebben ri aL. 1977i Shephard and LaBarre, 1978; 
Shephard et at.. 1978a). Furthermore, the complainants are usually sitting, rather 
than undertaking intermittent exercise. It is thus hardly surprising that our sub¬ 
jects had some complaints. What is more interesting is that as in more moderate 
exposures, comments often remained confined to odor and eye irritation. About a 
half of the subjects noticed some coughing, and there were also reports of nasal 
discharge or stuffiness and throat irritation. However, only one subject had re¬ 
sponses indicative of bronchospasm (wheezing and shortness of breath); The 
rarity of a subjectively detectable increase of airway resistance may be explained 
on the basis that subjects undenaking light work fail to detect Jtss than a fourfold 
increase of airway resistance fMcKetrowr/«/., 1958)^ 

An increase in the initial combustion of cigarettes did not lead to any great 
increase in the number or severity of reported symptoms. Possibly, there was a 
saturation or adaptation of the receptors concerned. Cenainly. conjunctival irri¬ 
tation was most marked on first entering the exposure chamber, and became less 
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as the experiment continued. The corneal pain receptors normally show a slow 
rate qf adaptation, but it may be that the smoke became less irritant because it 
stimulated an increased lachrymal secretion (Shephard cl til.. 1978c). 

There is also a possibility that some or all of the other symptoms were, 
■'suppesied'' by the odor of cigarette smoke. In particular, it is surprising that the 
subject report ing wheezing and shortness of breath during exposure showed no 
significant decrement of objective measures of lung function. While this person 
may have had an unusual sensitivity to cigarette smoke, his symptoms could also 
have developed through a process of selffsuggestion. There is thus scope fora 
definitive experiment relating objective measures of hypnotic susceptibility to the 
reported symptoms and physiological responses of the passive smoker. 

Hyperieniiliition 

At first inspection, the increase of respiratory minute volume during cigarette 
smoke exposure might seem to be objective evidence of airway irritation by the 
smoke panicles. However, further examination of the data shows that this is an 
unlikely explanation, since the increment of »\ was attributable entirely to an 
increase of. Vt. Stimulation of tracheal initarfl receptors should curtail inspiraiory 
drive, with a decrease of tidal volume and a compensat ory increase of respiratory 
rate. We have described this pattern of response during inhalation of an irritant 
gas such as ozone (Folinsbee ei al.. 1973). The increase of tidal volume could 
conceivably be attributed to a greater peripheral drive (for example, an action of 
absorbed nicotine upon the carotid chemoreceptors). However, the pretxposure 
hyperventilation, the decreasing discrepancy between sham and experimental 
days as the exposure continued and the absence of a dose'response relationship all 
support an alternative hypothesis (a central facilitation of inspiratory drive by 
anxiety). A similar explanation would cover the slight tachycardia previously 
described in female subjects during exposure (Pimm rr al.. 1976). and seen here 
before subjects entered the exposure chamber. 

Static and Dynamic Lung Volumes 

Static lung volumes show no consistent reaction to cigarette smoke exposure. 
However, the 4 + 3 cigarette experiments suggest a small decrement of dynamic 
lung volumes consistent with a small and practically unimportant decrease of 
airway conductance, while the 6 + 3 cigarette exposures inducesixtisiicallv insig¬ 
nificant trends in the same direction. 

Since dynamic airflow measurements depend upon the cooperation of the indi¬ 
vidual, it could be argued that there was some voluntary limitation of forced: 
expiratory efforts in the smoke-filled room. Nevertheless, there are several point¬ 
er to a true pharmacological response: 

fa) The male subjects ip^ur previous resting exposures also showed a small 
decrease of:andTaai ttr. (Pimm et a!.. 1978). 

<b) The variance of the dynamic airflow measurements was comparable inex- 
pcrimental and sham exposures. 

(C) The extent of flow impairment was consistent with previous observations 
made dining active smoking. 

Although Nadeland Comroe (1961) reported a 3 Kt decrease of airway conduc¬ 
tance in response to the smoking of a tingle cigarette, most authors have found 
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i'wmi.m* lo decrease by 1* or less (Clarke a ei/.. 1970. Da Silva and Humnxh. 
)973:Zusk-inrr tiL. 1974; Hamosh and Da Silva, 1977l The limiird change in V**. 
***, has been attributed to (i) a reversal of spasm by iht deep inspiration ih.it 
precedes a V’*^ measurement and Oil the peripheral nature of the aim ay 
spasm induced by cigarette smoke (Hamosh and Da Silva. 1977). The body 
plethysmopraph used by Kadel and Comroe (1961) might also be thought a mea¬ 
sure of large rather than small airway spasm. However, their data were presented 
as specific conductances (conductaneetooial thoracic gas volume) and pcnpher.it 
spasm could have influenced the results through a change of mean alveolar vol¬ 
ume. 

There are many problems in calculating the "cigarette equivalent" fora "pa*- 
five'* smoker (Pimm n <//.. 1978): Nevertheless it is unlikely that our MihuvK 
inhaled more than the equivalent of half a cigarette during their 2 hr in the e\p»* 
sure chamber. Thus, the maximum anticipated change, from previous studies tr¬ 
active smokers, would be a 3-4£ decrease of IV Further, in view of the onset »*• 
an anxiety hyperventilation, a could K 

reversed by sympathetic nerve discharge and/or secretion of catecholamine*, lb 
observed response thus reaches at least the expected level. 

/mpluatmnx for Air {fmilin Crifrrirt 

The present experiments provide only meager evidence of respiratory r. 
sponses to passive cigarette smoke exposure, despite the combination of big 
✓imoke concentrations and iniermiiieni exercise. We would thus conclude licit t» 
maintosisfor^^^ h not the passing of * threshold . 

respimory* Mcl disturbawes, but rather: 
tal subjective tolerance (odor and eye irritation, Shephard ei ah . 1978a.ci. 

<b| possible impairment of fine visidf? (Shephard « */.. 1978b). 

(cl possible chronic health consequences of nitrosamine exposurc^Brir 
nemann. 1978). 

(d) possible lowering of angina threshold in patients with ischemic bean di*& 
(Aronow . 1978). and 

ft) possible sensitivity of the airways to tobacco smoke in patient*#®* 
hyperreactive brondiuFiinm a ah. 1977). 
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